Abstract. Let Wn = K 1 ∨ C n−1 be the wheel graph on n vertices, and let S(n, c, k) be the graph on n vertices obtained by attaching n − 2c − 2k − 1 pendant edges together with k hanging paths of length two at vertex v 0 , where v 0 is the unique common vertex of c triangles. In this paper we show that S(n, c, k) (c 1, k 1) and Wn are determined by their signless Laplacian spectra, respectively. Moreover, we also prove that S(n, c, k) and its complement graph are determined by their Laplacian spectra, respectively, for c 0 and k 1.
Introduction
Throughout this paper, G = (V, E) is an undirected simple graph. Let N (u) be the neighbor set of a vertex u, and let d(u) be the degree of the vertex u, namely, d(u) = |N (u)|. If d(u) = 1, then u is called a pendant vertex of G. Suppose the degree of the vertex v i equals d i for i = 1, 2, . . . , n. In the sequel, we enumerate the degrees in non-increasing order, i.e., d 1 d 2 . . . d n . Sometimes we write d i (G) in place of d i , in order to indicate the dependence on G. As usual, K 1,n−1 , P n and C n denote the star, path and cycle of order n, respectively. In particular, K 1 denotes an isolated vertex. The join G 1 ∨ G 2 of two vertex disjoint graphs G 1 and G 2 is the graph having the vertex set
Let W n be the wheel graph on n vertices, i.e., W n = K 1 ∨ C n−1 . A graph is a cactus, or a treelike graph, if any pair of its cycles has at most one common vertex [1], [26] . If all cycles of the cactus G have exactly one common vertex, then G is called a bundle [1]. Let S(n, c, k) be the bundle graph obtained by attaching n − 2c − 2k − 1 pendant edges together with k hanging paths of length two at the vertex v 0 , where v 0 is the unique common vertex of c triangles. For instance, the bundle graph S(15, 3, 2) is shown in Figure 1 . 
where λ n−1 (G) > 0 if and only if G is connected and λ n−1 (G) is called the algebraic connectivity of the graph G [10]. It is easy to see that Q(G) is also positive semidefinite [2] and hence its eigenvalues can be arranged as µ 1 (G) µ 2 (G) . . . µ n (G) 0.
If there is no confusion, sometimes we write λ i (G) as λ i , and µ i (G) as µ i . Moreover, we sometimes abbreviate λ 1 (G) and µ 1 (G) as µ(G) and λ(G), respectively, and
